A convenient and novel approach has been developed for the synthesis of unsymmetrical diaryl sulfides by the reaction of sulfonyl hydrazides with phenols using a [Bmim][Br] ionic liquid through the formation of C-S bonds. The reaction has further been extended to indole, b-naphthol and aromatic amine moieties.
Introduction
The C-S bond formation is of utmost importance and has emerged as a key step in the syntheses of pharmaceuticals, natural products, and organic materials.
1 But the current challenges in organic synthesis are to develop convenient, selective, and energy-efficient synthetic methods. In order to address these concerns, the exploration of more practical and environmentally benign synthetic methodologies is of contemporary interest.
2 The C-S bond formation reactions are not much explored because thiols are very prone to dimer formation (S-S coupling) leading to the formation of undesired disuldes and organic sulfur compounds act as metal deactivators due to their nature to bind with metals. 3 In order to synthesize remarkably important diaryl suldes, numerous catalytic reactions have been developed. 4 In recent decades, scientists have paid much more attention to the development of new concepts for C-S bond formation viz. direct oxidative coupling by selective functionalization of the C-H bond. Such processes are endowed with high yields and impressive regio-and stereo-selectivity and are thus becoming a part of an ever-growing armory of useful synthetic tools available to organic chemists today. However, most of the present C-S bond formation methods via C-H bond activation rely on the use of transition metals such as copper, 5 iron, 6a nickel, 6b,c rhodium, 7 palladium, 8 etc. In these methods, different S-sources are used, for example, sulfonyl hydrazides, sodium sulnates, diaryl disuldes, and arylthiols. However, these methods suffer from the use of toxic metal salts, harsh reaction conditions, and narrow substrate scopes.
In the existing green chemistry scenario and increased concern over environmental issues, many green approaches for C-S bond formation have also been reported by the groups of Xiao, 9 Yan, 10 Jiang, 11 Tian, 12 and others. 13 However, the generality of the existing reports is somewhat vitiated by the severe reaction conditions, and the catalysts and solvents used are not acceptable in the context of green synthesis. Moreover, the previous reports for the synthesis of diaryl suldes have repeatedly used either iodine or iodine based catalysts (Scheme 1).
9,10,12 Which is also a major drawbacks of existing reports. Thus, the development of a new, efficient and green approach for the preparation of diaryl suldes through C-S bond formation is highly desirable. The use of a benign and recyclable catalyst/solvent with high activity and selectivity is an interesting and rapidly growing area of synthetic chemistry. Owing to their green credentials, ionic liquids (ILs) have attracted considerable interest as environmentally benign reaction media, 14-17 catalysts 17-19 and reagents.
Considering the signicance of developing a green and highly efficient direct C-S bond formation, and as a part of our ongoing research to design novel protocols including C-S bond formation, 21 we focused our attention towards the studies on the [Bmim] [Br] mediated C-S bond formation of phenols (monoterpenes)/aromatic phenols/b-naphthol/aromatic amines and indole (Scheme 2).
In this protocol, sulfonyl hydrazides were prime choice as a Ssource for C-S bond formation due to their stability and versatile nature viz. as aryl sources, 22 sulfonyl sources 23 and reductants.
24
To the best of our knowledge, this is a highly efficient and conceptually new methodology applied rst time for C-S bond formation of phenols, b-naphthol, aromatic amines and indole using environmentally benign ionic liquid (Scheme 2).
Results and discussion
To look into the greener and efficient prospects of C-S bond formation, a model reaction using easily available substrates, tosylhydrazide and naturally isolated phenol i.e. thymol were investigated in detail by varying different parameters such as catalyst, temperature, additive, and solvent to develop the appropriate conditions (Table 1) Intrigued by these observations and with the stipulated reaction conditions in hand (Table 1 , entry 6), the scope and versatility of this method was extended to the reaction of a variety of sulfonyl hydrazides viz. phenyl-, p-tolyl-, p-tertbutylphenyl-, p-nitrophenyl and 3-(triuoromethyl) benzenesulfonyl hydrazide with different phenols like thymol, carvacrol, 2,5-dimethylphenol, o-cresol, m-cresol and thymol ether to afford a diverse range of unsymmetrical diaryl suldes 3a-3ab in reasonably high yields ( Table 2 ). The ndings reveal that all sorts of arylsulfonyl hydrazides undergo reaction smoothly. It was worthwhile to mention that the nature of the substituent on the aromatic rings of the sulfonyl hydrazides did not signi-cantly affect the yields of this reaction.
Sulfonyl hydrazides with electron-donating groups gave slightly higher yields than those with electron-withdrawing groups. When ether of thymol was subjected to the reaction, at the same set of optimized conditions, side product formation was more, so the reaction was again optimized for thymol ether and the best result was obtained at 120 C in 5 h (3j-3l). The reaction was also tried with ester derivative of thymol and tosylhydrazide (Table 2 , entry 3m) but it did not succeed. b-Naphthol was also tried under the same set of optimized reaction conditions; which was going smoothly at 100 C (Scheme 3). Encouraged by above results, the aromatic amines were also tried in place of phenols for C-S bond formation and the reactions were going smoothly at the same set of optimized reaction conditions (Table 2 , entry 3ac-3ag). The substituent on benzene ring of aromatic amine and sulfonyl hydrazide did not signicantly affect the product yields. Further, in order to ascertain the versatility of our reagent [Bmim] [Br] towards others functionality, we extended the scope of substrates and carried out the reactions of various arylsulfonyl hydrazides with indole under the aforesaid conditions (Scheme 3). It was found that indole gave reasonably good yields at 100 C (Scheme 3). To check the further feasibility of our methods, the aforemention conditions were screened for ketone functionality also. For this purpose, we performed a sulfenylation of substituted tetralone and chromanone with p-nitrobenzenesulfonyl hydrazide. When the above reaction was accomplished and products were analysed, we were confronted with some other spectral patterns not corroborating the formation of the expected product 10. The spectral analysis indicates the formation of product 9 (Scheme 3). The recyclability of the ionic liquid was investigated with the same set of optimised reaction condition as a model reaction (Table 1 , entry 6). Upon completion of the reaction, the product was isolated via standard work up procedure, while the aqueous layer containing [Bmim] [Br] was dried to remove water at 60 C under vacuum and then washed with diethyl ether. The recovered ionic liquid was reused for four to ve times without signicant loss of the activity. Results were represented in Fig. 1 . On the basis of existing literature and based on my previous work, 21c,25 we propose a plausible mechanism for para-sulfenylation of thymol, which is outlined in Scheme 4. Initially, sulfonyl hydrazide (2) is transformed to form D in the presence of [Bmim] [Br]. In the next step electrophilic reaction of D with thymol (1) yields desired product 3 through the path a, or path b (Scheme 4). 
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Conclusions
We have developed a novel and efficient green protocol for regioselective thiolation of phenols/b-naphthol, aromatic amines and indole without using any catalyst. The protocol embodies the rst time use of [Bmim] [Br] ionic liquid, is efficient and versatile, and renders a new way of C-S coupling. In this procedure, various substituents, such as alkyl, nitro, triuoromethyl, and methoxy groups, are well tolerated. Due to high conversion, excellent regioselectivity, short reaction time and use of a recyclable ionic liquid, the process promises to be a practical and greener alternative. This method affords an efficient alternative approach for the synthesis of biologically important aryl sulphides.
General experimental
All the reactions were carried out in 15 mL Ace-pressure tube with constant stirring using Teon-coated magnetic stirring bar. Column chromatography was performed using Merck silica gel (100-200 mesh). Thin layer chromatography (TLC) was performed using Merck GF 254 plates (thickness 0.25 mm). Visualization of spots on TLC plate was accomplished with UV light and by staining in I 2 chamber. All the chemicals were procured from Sigma Aldrich and Alfa aessar.
General procedure for the preparation of diaryl suldes (C-S bond)
A mixture of phenols 1 (1 mmol), arylsulfonyl hydrazides 2 (1.2 mmol) and [Bmim] [Br] (2 mmol), placed in a 15 mL Acepressure tube, was stirred at 140 C for the stipulated period of time. Aer completion of the reaction (monitored through TLC), the mixture was cooled to room temperature and the reaction mixture was treated with EtOAc (5 mL) and water (10 mL). This was extracted with ethyl acetate (3 Â 10 mL) and the combined organic phase was dried over Na 2 SO 4 , and the organic phase was concentrated under rotary vacuum evaporator and the crude product was puried by column chromatography using a mixture of ethyl acetate/n-hexane as eluent to afford the desired unsymmetrical diaryl suldes 3. Spectral data of the compounds 2-Isopropyl-5-methyl-4-(p-tolylthio)phenol (3a 141.23, 138.85, 134.81, 133.21, 128.86, 126.43, 124.93, 122.30, 117.73, 26.88, 22.54, 22.50, 20.33 27, 149.92, 144.83, 141.80, 135.35, 134.19, 124.95, 124.0, 118.91, 118.18, 26.89, 22.49, 20.19 13, 128.96, 124.97, 122.55, 121.48, 121.45, 120.76, 117.96, 26.86, 22.48, 20.25 144.81, 141.78, 136.65, 134.65, 124.97, 124.0, 118.65, 113.10, 55.48, 26.59, 22.57, 20.74 135.06, 134.86, 133.67, 129.63, 127.13, 122.60, 112.79, 55.44, 26.58, 22.63, 20.84 138.18, 135.11, 134.76, 129.69, 127.44, 123.16, 122.27, 117.24, 20.93, 20.40, 15.13 80, 141.58, 138.85, 138.79, 129.23, 128.85, 127.83, 126.62, 124.99, 122.42, 122.12, 117.30, 20.40, 15.11 85, 142.34, 139.56, 125.05, 124.01, 123.25, 118.99, 117.73, 20.27, 60, 148.26, 141.34, 138.57, 135.03, 126.71, 125.93, 122.69, 122.35, 117.21, 34.35, 31.31, 20.48, 15.15 138.75, 136.78, 133.13, 128.90, 128.12, 125.68, 125.19, 124.10, 115.94, 16.65 . ESI-MS (C 13 H 12 OS): 149.10, 136.37, 134.85, 132.69, 128.36, 126.02, 125.10, 124.77, 115.88, 34.43, 31.30, 15.69 88, 140.97, 137.49, 133.92, 131.39, 131.13, 130.31, 129.17, 125.61, 123.80, 123.77, 122.21, 122.08, 122.05, 116.25, 15.65 143.46, 136.70, 135.40, 134.30, 129.75, 127.88, 123.99, 117.67, 113.83, 20.93, 20.88 42, 144.17, 138.40, 137.56, 128.91, 126.95, 125.21, 122.92, 117.77, 113.93, 20.91 96, 144.66, 140.46, 138.20, 131.70 (q), 129.27, 124.93, 122.84, 121.70, 121.73, 121.20, 118.05, 114.28, 20.85 85, 135.79, 132.68, 132.62, 128.90, 127.87, 125.59, 124.22, 116.39, 27.15, 22.42 153. 82, 141.09, 136.31, 133.37, 133.31, 131.39, 130.07, 129.15, 124.93, 123.52, 123.49, 122.36, 121.96, 116.68, 27.12, 22.38 145.35, 139.94, 137.02, 133.88, 128.81, 128.78, 127.18, 125.14, 123.29, 120.17, 115.87, 17.23 24, 146.61, 144.78, 137.88, 134.88, 125.23, 123.87, 123.70, 116.28, 115.87, 130.64, 129.13, 128.69, 125.87, 124.77, 123.07, 120.92, 119.70, 111.55, 102.95 141.0, 136.56, 131.01, 129.06 (q), 123.34, 122.36, 122.33, 121.53, 121.50, 121.20, 119.41, 111.76, 101.59 41, 150.50, 150.06, 143.68, 138.94, 132.46, 129.50, 128.90, 128.86, 126.04, 124.67, 124.23, 122.02, 118.79, 118.08, 76.79, 32.50 
